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1~xas 174 R~mote Sensing Project

By

Paul W. Cook

I. INTRODUCTION

wr research group chose a contigmus grouo of thirteen
counties in Texas dur inR; the sJTing of 1974 for a test of the
crop acreag;e prediction capabilities of the LANCSATI satellite
(at that time it was known as ERlS or Earth Resources and
Technol~v Satellite). Soecifically, the counties chosen were as
follows: Bastrop, Bell, furleson, Coryell, ralls, Fayette, Lee,
Limestone, McLennon, Milam, Travis, Washin~ton and Williamson
counties.

JltJch of the land in the above 13 counties is rrimarlly used
for pasture. Ebth sorghl.lll and cotton are prevalent in each of
these counties. Peanuts, corn, wheat and OAts ~re ~roW1 also.
SHS crop estimates indicate, hO\o.lever,that no crop Is ~rown on
more than 10% of the total county acre~e. In fact, most of t~
crops, other th~n cotton ~d sorghl.lll, are p;rown on only 2 or 3~
of the totrll county area. This means that most of the land in
this area is used for pasture and/or hay crops.

The ground information which was obtained affirmed this
allocation of crop acreages. I'bst fields were of pasture lCl'ld
with only small areas devoted to the major crops of the county.
This resulted in a shor~e of training information for cotton
and sorghl.lll.

Another difficulty encoontered was Obtaining cloud-free
imagery. Throughout the growing season, the only usable imap;ery
obtained was for June 27 and June 28, 1974. Because of this lack
of multiple time imagery, it was not JX)ssible to examine ~at
advanta~es may bf' obtained by using multiple time periods in
imJroving the .crop estimates.

The majority of the ~round data was obtained for the June 27
p:::lSS (soecifically, LANI:SATScene 1704-16231). Of the 64
segments for which there was information, 42 were on this scene.
The remainin~ 22 segments were pr imar ily pasture land with very
few other crops.

Because of the lack of training data, thP. project was
limi ted to six counties: Bastrop, furleson, Fayette, Lee, Milam
and W3shington. These counties were wholly contained within the
scene to bE' analyzed.
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Location of the indi vidual 3e~ment.s (s<luare mile samole
ar~as which 8re us~rl 1n our o~rational nrobahili~Y SlrVeys)
proved to he a difficult task. 011y 10 se~mpnts were
suffici~ntly l.ell located to be used in training the statistical
classifier (Gausian multivariate normal assumption). Lack of
contrast between fields and other vegetation within the creas
containin~ th~ sel7ments was the rrimary cause of our not beinu,
ahle to locate all the areas accurately. Fortunately, however,
another 10 se~ments contained additional ~round information that
was useful for testinp; the classifier <=lCcuracy. O1ly the global
scene calibration was used to locate these segments, but the
accuracy of classification for these areas indicated that they
were located suffic iently llell for use as test field~.

This lack of a larp;e number of fields available as training
data forced a reduction in the scope of the oroject. O1ly one
county ~s selected to be analyzed oosed on the best 3et of
statistics obtained from \J1at traininp; data was available. we
chose Milan county since it contained the hip;hest oercentagf.> of
cotton and sorghlll1 in the six-county area. Also, the location of
the 10 training segments seemed favorable for obtaininll; data
representative of the crops in Milan county.

Thus, the 13 county project becale a stooy in making use of
only minimal infonnation under Rdverse conditions. Not only was
the number of fields available for train inp; <lIltte small, but the
contrast between fields was so minimal that it rTevented any
visual determination of their correct location. This meant that
only the corresrondence of reported to digitized acre~e could be
used for determininll; what fields to use ~ training or test data.

The results of the stooy seem to indicate that lIK>redata for
training and test is a necessity to make accurate acreap;e
estimates. 3'nall Quantities of data cause instability in the
estimates of the means and the variance-covariance matrices of
the clusters for the various crops. Thus, small chan~es in what
data is clustered and how the clusters are ccmbined can produce
radical alterations in the classification acC\.racy as evidenced
by the overall classification accuracies varying from 40 to 15'J
in this study. (See Aopend1x D)

Various mettnds were used to cluster the training data for
purroses of classification. Combinin~ all the grasses into
Pr!stLre cate~or ies and then clustering; this ~roup ~lle cotton
and sorghlll1 were each clustered ~paratel y oroved to be the best
grouping. hhen only one group was U'5edfor pastLre, this p;roup
showed too ~reat an overlap with the ~r~htrn 'and cotton p;rouos
for accurate classification results.

Since the data base was small. it was difficul t to evaluate
the effects of classification accuracy on the acrea~e estimate
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itself. Conceptually at least, hi~her accuracy rates w;::>uldseem
to improve the final estimate. Hi~her accuracy did se~mto ~ive
better estimates for the direct acre~e expansion metl'od, but the
data did rot allow us to determine whether ~reater acCurACY
w:>uld improve the estimate while usin~ ratio or re~resslon
estimation.
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II. REGISTHAllON or~VELOPMENT

PPfore the satellite dat 'I c~n bE' classified, appropriate
traininR; infonnation must be located. The sel2;ments in the JlIne
Em.merative furvey were meant to provide r;:tndcm samples of data
representinl2; the various crops which occur in a l2;iven area or, in
our case, within a LANDSATscene.

LocatiM the S€l1,ments within t~ iANlliAT CCT (Computer
Compatible Tape) data proved to be a fonn1dable task until means
~re developed to utilize mathematical equations (called affine
transfonnations) for relatinl2; the LANffiAT" coordinates and '"ao
base latitude and lOB!;itude. This process of correlating the tlotO
~ources of infonnation is called registration.

First, registration points (Le., points of hi~h contrast in
the imal1;eryand ,"ap base) are located (see Appendix A). LatittXIe
and lOr¥';itn:je values for such points are then obtained from a
USGS7 1/21 Quadrangle map (where available) to the nearest .0001
del2;ree of li'ltittXIe and lotl1;itooe ::nd the appropriate LANffiAT
coordinates are also obtained to the nearest .1 pixel. A pixel
(or pictLre element) is the 9Tlallest rE'solution elenent of the
satellite, and is about 79 meter~ 10f'lQ; by 57 meters wide.
Therefore, the map accuracy corresoonds to about 11 meters on the
earth's sLrface, whereas the grey sca,le gives Flbout e~ht meters
nlacemE'nt accuracv for the LANDSATdata.

Curing: the early experimentation with the techniQues for
re~isterin~ LANDSATdata to map base, only small 400 by 400 nixel
areas werp used for locating registration points (typically,
about 10 were used in each area). A set of linear affine
transfonnations related the map coordinates to the satellite
coordinates (seE' Aopendix B). This method allowed us to obtain
maximLITIresidual errors of 150 meters on the ground.

Next ~ did a secood step of r~istration for each se~ment
by locating six more r~istration points neer each sE'9;ment.
These point.~ were ~ain checked with the larQ;er area rep;istration
po ints to be certain that they \!ere accurately located as well.
1hese six points W10se locations had been CKlcurately d€>terminE'd
were then used to locate the field ooundary locations for each
sel2;ment so re1;i stered. For this secood step of rf'gistration
MaximLITIresidual errors typically ranged in the 30-60 meter
range.

1wo different systems for improving our initial meth::>dsof
registration are now available. First, there is a trQl:Jran
developed by Ed Schlosser of Lockheed (Johnson Soacp Center). It
orovides for full frane rel2;istration with the use of only 16-20
control points ~ll scattered about the scene. Accuracies for a1
entire scene vary, but may often be on the order of 100 ~ters
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root mean So1u~rePrror or less (See Appendix C). This r:ro~ram is
avallabl(> as DOtM-GOEk'". cooed flS a SAS (Statistical Analysis
SY:'ltem) procedurp.

1he other re~istl"'at1on prop;ran is by Walt IX> novan of the
Center for Advanced Computation at the Universi ty of Illinois.
DJnovan's p-op;ran uses a second order full term rolynomial for
the p;lobal calibration with residual error on the order of
300-400 meters (i.e., 4-6 pixels). A second step can then be
either a local linear r~i!tration or (newly developed since this
Texas rroject was completed) a movement of thp entire seQ;ment
file by fractional row and column pixel increments.
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III. DIGITIZATION

After a LANffiAT scene is registered to map b;;!~, tho~
LANCSATpixels which corresJX>nd to the appropriatR. areas of
interest must be extracted. Of course, aporopriate data for
training our classifier is required. The field bOlIDdaries must
be ~ctrately located in order to obtain the correct oixels for
trainin~ the classifier. Another requirement is to locate those
areas for \ok1ich\oe wish to make acre~e estimates.

Because the satellite does not Jroduce its data rf'lative to
an exact map ~ale, the LANffiATdata does not directly overlay
onto maps. Consequently, a 'l1ethod of makin~ the boundary data
available in canputer canpatible fonn Wlereby the c<rrespondin~
pixels for each field (or any other area) could be extracted for
analysis pJrJX)ses as acctrately and easily as rossible was
needed •

A diRitizer can give the location (i.e. an (x,y)-reading) of
;:my pOint on a map (or photo or drawinp;. etc.) to eithpr .01" or
.001" (dependin~ on how accurately the tablet and controller are
designed to perform). It does this by meast.rin~ the time it
takes a current to travE'l from a r-oint on the tablet back to the
controller, an e~ectronic timing device.

An inter::tctive analysis system (EDITOR) prop;rammedon the
computers (PDP-10's) operated by Bolt, Peranek and Newnan (BBN)
at Boston, Massachusetts was used to EI'lalyre the data. Walt
LOnovan and Martin Olga of the Genter for Advanced Computation
(CAC) at the Universitv of Illinois provided the progranmi'lg
expertise in developin~ software. Many improvenents and
roodifications of their oroF1,rans were made as i'! result of the
analysis of the Texas data.

An Altek digitizer with .001" accuracy is directly
interfaced into the computer net\olOrk so that !l"ocessing of the
di~itized data may be done 1mnediately. Ci'lly individual data
noints definin~ closed boundaries are selected to create the
files corresoondinJ;/; to field, sep;ment, or strata boundar ies.
Consequently, individual points for each ;;!rea to be dip;itized
must be marked. For rel1.ular boundar ies, only the vertices need
be marked, but for irregular E>dp;es,one must indicate enough
ooints to apJroximate any curved lines.

IAJrtng dig i ti za tion, c alcul ations ar e made to determine the
acre~e of each enclosed area digitized. This allows for a check
ap;ainst reJX>rted acre~e. As an exanple, when digitizing a
segment each field is digitized separately and stored onto a
common file for that particular segment. DJr in~ this orocess, no
ooint is recorded more than once. Thereby, no ccmnon boundaries
mav overlap and canrron ed~es are ~eserved. A checking pr~r an
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may be run as ~ll to make sU"e no areas have been digitized
incorrectlv.

Each digitized file is first conw~rted to ~eo~raphic
lati ttxle a'ld lors;z:itooe values by means of calibration ooints for
\J1ich lati tooe and 10~ittx:1e are known. This rrocess ~epares
the file for use with the satellite-to-map..base registration
coefficients. In this way, one obtains the location of the field
boundar ies (or in a more general sense, for land-use boundaries
on a county or state level) by \J1ich the appropriate LANI:SAT
pixels may be examined.

Dil?:itizinF; a se~ment creates \J1at ~ call a se~ment file.
Included in this r:rocess is the calibration to lati ttde a1d
lo~ittde values. Creation of a mask file is done by usinR; a
calibration or registration file of coefficients to transfonn the
or~inal file into LANJ:SATcoordinates. The mask file is then
used to extract the appropr iate LANJ:SATdata in a rrocess called
packin~ a window. A oacked window file contains the LANI:SATdata
taR~ed appropriately as to \ohether each pixel is within a field
and has a cover type, on a boundary between fields, or bac~round
(i .e •• ha s ;:m unknown cover type). See reference 2· for more
deta 11s.

This r:rocess of packinJ1;a window allows the selection, in
var ious W3ys, of data to be used in developinp: the training
statistics for each cover type. Either a specific cover type may
be chosen or specific fields from selected segment mask files may
be chosen. Also, spec ific fields may be denoted as tr ain i~ or
test fields so that selection only on that basis may be made as
~ll. fbundarv oixels which overlao fields may be either
included or excluded as desired.
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IV. DATAANALYSIS

In Texas, mlCh of the data was not usable for determininR;
the crop c lasse s. In accur ate field toundar ies (as indic ated by
rather lar~e discrepancies bet..een reported and di~itlzed
acre~e), fields of burnt or abmdoned crops, and pastlrp. land of
uncertain content made selection of training and test fields ~
di fficul t task.

Because these effects could not be easily removed from the
field data, we chose to eliminate problem fields from analysis
and concentrate on toose characteristics most closely matched to
the crop infonnation of interest. This subset of fields was u<led
to obtain the statistics for classifyin~ the remainder of the
scene. Also, only toose se~ments for lJ'lich a local calibration
file could be made were used for traininp; data ro as to instre
that the data was accurately located.

All t\oentv-one available segments were located bv means of
the full second crder linear equation provided by Ihoovan.
lKlfortmatelv, the lack of adeouate contrast bet..een fields did
not rermit the d€'termination of how accurately the fields ..ere
located. This made it necessary to perfom a second step of
registration, \oohich looOu1dasstre that each field loBSlocated to
an 2Ccuracy of about 30-60 rreters (i.e., less than a pixel's
wid th) •

The lack of adequate contr~t bet\IEen fields also made the
location of rx:>ints for use in local rep;istration difficult.
Usually, small !.Oods and riVers ]Toved to be the best areas for
the determination of the cal ibration points. for re1,ularly
shaped areas, the cf'l'lters of Il«)ods were best. whereas for
irr~ularly shaped areas or twisting rivers, the sharp edges of
the bends V«)rked\oell. In each ca~, an area no lar~er than 100
pixE"ls by 100 oixels was used to ensure that the linear equations
remained apf'l"opriate.

Of the t\ol"ntv-one available segments, ten Wleresuccessfull V
re~istered lOCally. Ten other se~ments seemed to be reasonably
close for use in testinp;, while one s~ment defied all attempts
to deter mine a correct location for it. Consequently, only the
ten lOCally registered se~ments Wlereused for obtainin~ the crop
signatt..res. The remainin,,:: ten segments were then used to obtdin
part of the test fields. Also, the oriP,inal ten segments'
fields WlereinclUded in the test data in ordpr to orovide
sufficient test data since the ten locally rep;istered s~ments
contained about t~-thirds of the available cotton rod sorp;hum
oixels.

1he list of fields wi th boondary pixels on page 9 ooints
out oow little data W3S available for the project •. The first
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Segment Fields with Boundary Pixels

Segment Sor hum Cotton Pasturi!7
Pixels Acres Pixels Acres Pixels Acres

1 204 390

2 10 79 285 350 8 15

3

4 27 50 147 196

5 2 25 1 25 29 50

6 64 161 4 60 95 128

7 0 34 126 218

8 73 121 212 314.5 28 136.4

9 2 10 210 234

10 291 406.2

11 1 54 447 531

12 12 210 86 103

13 64 196.8 21 65 89 212.5

14 352 436

15 411 605

16 5 39 4 30 52 67

17 109 326

18 6 39 157 284

19 248 286.5

20 0 5 41 105 388 470

21 240 259

Pasture with trees; stubble; sudan stubble; Johnson grass;
hay; wheat stubble; oats; oat stubble; idle; coastal pasture;
pasture

TOTAL
1/

264 1013.8 570 959.5 3717 5353.6
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eleven ~ments li sted (segment 3 could not be 00eou'3tel y
located) ~re tl1~ ones w,ich made up the training data since they
had most of the cotton and sorp;hlm data and also ~re locall v
reg;istered. The renaininll: ten se~ments cootained primarily
pasture test data with only a few pixels of sorghtrn and cotton.

wr inp; the course of this project, Ibnovan developed
software to drive a ZETA (x ,y)-plotter to make plots of the
digitized se~ments both to map and LANrsAl scale. This allo~d
further checks on the locational accuracy of each segment as ~ll
as shifting of each segment to match field bamdary outlines
(\o.here s~h outlines were discernable).

This develoJlllent of plotter software has allowed a check of
the presently available registration methods. Plots of the field
outl ines were made for each segment by using the second-order
polynomial, the linear local fit and I)\M..{;OEFto comparE=>the
resul ts of each method.

The actual location could rot bE' comp8red for each method
because ~oto-interpretation techniques were not satisfactory to
determine the location for each segment. lbwever, the
orientation a1d size of the plotted fields could be canpared. If
the local fit is considered as correct, then DAM-COEfwas closer
to the way in which the local fit showed the segment. In ;:ill
cases, the second-order fit mowed the fields to be tilted
di fferentl y and to be some~at snaller than in the case of the
linear fit.

Although the best method seems to be the linear local fi t,
great care must be taken in performing the local calibration
step. fu1nts chosen as local registration points must be checked
with the global calibration oolnt file to be sure that they are
oroperly chosen. These points will generally be outl iers as far
as the global fi t is concerned, but there should be l~s th8n a
tw:> pixel €f"ror for them to be acceptable. The nns error for
this local fit should be less than .5 nixel in either line or
column while the maximllTlerror should be less than .6 oixel.
This will allow Quite accurate location of the field infonnation
within each .segment.

After the ten segments had been located, a first attempt at
unsupervised data analysis was made. Fields for which the ~rolmd
data was deened satisfactory (f.e., the reported acrea~e and
dig iti zed ac re~ e checked within 101. and the crop or use
information agreed) were chosen from the 10 locally registered
segments and oacked into one lar~e file. No boundary oixels were
included •

The cover tyoes included in the fields
follows: corn, sorghun, permanent pa5ttre,

10
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hay-p.:razer, coastr:ll oastlre, idle land, oats, hay, Johns:>n p;rass,
sudan stubble, cucumbers, milo, stl.bble, pastlre-wi th-trees,
so~hUT\ stLbble, other v~etables, plowed land, and rotton.
Since s:>meof these catep;ories contained very little trainin~
data and \ooere very similar spectrally. it seemed apparent that
not all of these p;roups w:>uldbe readily separable.

EDITORuses a cluster ing routine based 00 the 13000 TA
alp;orithn in which the four-dirnensonal space is partitioned into
clusters or groups based upon a Euclidean distance criterion for
separation of clusters. For the first attempt at makinp; this
separation all the data available within the ten r~istered
sell;ments was used to set up an appropr iate nunber of categories
(twenty) to corresp;>nd with the number of different crops
reITesented. This clustering of the LANffiATdata correspJnding
to these selected fields was a first attempt at determining \ttlat
spectral ~roups occured naturally in the scene.

Based on the initial unsupervised clusters, no apparent
separation of crop types seemed possible. The cluster ~roups I

means and their variance-covariance matrices when used to
classi fy the crop groups picked up most of the cotton and so~hun
as too~h they \ooerepastlre groups. Consequently, it was decided
that for this data set the clustering technique available was
unable to separate known crop tyPes witoout supervision.

¥hen only cotton ~re~e was exanined it was noted that
certain fields belooged almost entirely to one of tw:> spectrally
separable groups based on Clustering cotton into seven groups.
Exanination of all the ground infonnation indicated that the
cotton fields contained tw:>Quite distinct types of cotton. CXIe
var iety is Quite short - usually about 16" - 20" tall dtr ing the
June visi t whereas the other is Quite tall - usually 30" - 36"
tall at this time. Also, the tw:> var ieties of cotton require
Quite different metoods of harvest. The short variety is
harvested wi.th a str ipping: machine wherea s the taller var iety
reauires a picking machine.

Altoow;h detection of differences within the s~e crop type
had rot been the PLrJ:X>se of this P'"oject, the foretoolP,ht of
providin~ suoplenentary ~round infonnation forms (as developed by
Fred W3rren) had made it pJssible to determine that clustering,
had shown the existence of t~ spectrally di fferent cotton
R;roups.

To determine if the formin~ of add! tional clusters within
each crop categ;ory w:>uldreduce the overlap of categories, the
cotton pixels ~re clustered into 16 catep;or ies, sorghun into 10
cate~oriest and the pasttre group into 8 categories. For each
crop the statistic~ file was run throuq;h a cluster ccrnbinin~
progran (developed by Bob Ray of CAC). Eased on the results from
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runninp: this rro!7rt'nl thP cluster clRsses were comhined RS
follows: the cotton clusters were combined into six p,roups, the
30r~hLrn clusters ~re canbined into six Q;roups 8no the ~sture
clusters were canhined into eight p;roups. These 20 groups' means
and their variance-covariance mRtrices were combined into one
statistics file for later classi fication tests.

Cluster p.:roups were only ccrnbined lIt1en thev showed 11ttle
informational loss and they were not of the same category type.
J,.,hen a group of fewer than eip;hty (80) points could not be
combined into another ~roup, it was deleted.

Even with this large mrnber of clusters for each group,
considerable overlap between clusters was noticeable as indicated
by the low rates of classification acCtracy and the frequent
classification of cotton and SOrghUTlinto the oasture classes.
Also, the cluster combining prOl1.ran indicated that little
informational loss w:>uld occur from cOTlbinin~ some of the cotton
Rnd sorghllll clusters with those from thA pastU"'e clusters.

Additional classi fications of the selected fields were done
usinh! various ntJrnbers of clusters appl ip.d to all the pixels whoSf"
locations were accurately knoW1. The accurClCyof classification
resul ts varied considerably frOl'l1 one sz:roup of clusters to
another. In no case did the classification accuracy exceed 80~,
though low accuracies of nearly 40$ did occur. This instability
of the cluster p;roup statistics' classification accU"'acv ~ems to
be a ftrther indication that crop types for this particular
LANISATscene are not distinct sooctrally.

Based O"l ten groups of clusters, the statistics were
determined and classi fication of MilClYlCounty on the ILLIAC IV at
~ffett field. Cal ifornia was mdertaken.

An attempt was made to imrrove this classification bv
applying \-eights to each c<lte~ory based on crop acreal;e estimates
made bv SRS for 1972. AssllTlinQ;each pixel to represent 1. 14
acres, the fol1owin~ acre~e estimates were obtained (canparecl to
1974 SRS estimate,'5).

12



1974
SRS ESTIMATES

ACRES
EQUAL PRIORS UNEQUAL PRIORS

Sorghum
Cotton
Pasture/Stubble
Water-

57,700
31,500

N/A
959

45,501
74,303

536,840
1,093

7,731
15,240

632,416
1,087

*Data from Texas Water Resources Board
A computer program developed by D. Christodoul1dis of Ohio

State University further indicates why such larp,e chan~es in
acreage may occur. The circular Fourier series plot of the mean
vectors and variance vectors show little differences between
cluster groups except in the case of water. This confirms the
high separability of water from the agricultural crops for this
LANDSAT scene. Consequently, in the discriminant space one would
find the water vector separate from the other groups. However,
the cotton, sorghum and pasture/stubble vectors show a great deal
of overlap. (See Appendix D.) Further evidence of the overlap
between cluster groups is shown by a more recent program
developed by Bob Starbuck of our group. It shows rather extreme
overlap among groups within the two dimensional vector space of
bands 5 and 7. (See page 14 to examine this plots.) This
presence of similarity or overlap between cluster groups would
explain why prior probabilities applied to the cluster groups
would yield widely varying acreage estimates.

Appendix E contains the regressions and plots of data from
the usable fields within the twenty-one se~ments that contained
the most reliable ~round information. Unfortunately these plots
of reported acreage vs. classified pixels within each field
(including boundary pixels) do not indicate that a linear
estimation technique would be valid for the analyzed data.
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v. CONCLUSION
This study of Milam county, Texas has pointed out a number

of problems which are present in analysis of the LANDSAT data
using our presently available ground data. Solutions to some of
these procedural problems were developed during this study.

Because of the difficulties in determining the accuracy of
field sizes and crop types for certain segments, our present
projects have included greatly improved checking procedures for
field acreages and crop types. Data is collected in the same
manner, but with more emphasis on the accuracy of field
placement, of reported acreage from the farmer, and digitized
acreage from aerial photography (either infra-red or ASCS
acquired enlargements). Our review procedures have greatly
improved the accuracy of field location and sizes and thereby
allow the use of re~ression estimation techniques with full
segment data.

Accurate location of training data is the next requirement
for use of the digital LANDSAT data. Registration techniques
were developed as part of this study that now allow the location
of field boundaries to within 40-60 meters of their actual
location. This means that the data chosen as training or test is
definitely of a given crop type. Consequently, full use of the
data in making regression estimates of crop acreages is now
possible.

Two techniques of analysis used in this project need to be
tried on larger data sets to see if they contribute to overall
accuracy and efficiency. Clustering the various crops into
subgroups determined by the information loss program provided by
Bob Ray seemed to improve the overall accuracy as well as the
field-by-field accuracy of classification. The overlap between
cotton and sorghum seemed to be somewhat reduced by this method
of cluster combining. Indeed, two varieties of cotton could be
separated this way. The tall (or picker) cotton seems to be
quite separable from both the short (or stripper) cotton as well
as from sorghum.

Use of equal priors with the cluster groups seemed to give
the best accuracy results. Also, the estimates using equal
priors were much more reasonable.

The great spectral confusion of the various crops for this
scene does point to the importance of knowing or having imagery
for the time at which the crops are most separatable spectually.
Quite possibly for another time of the year, the crops could be
separated much more easily. In fact, with many crops having
different growing and harvesting times, multi-temporal imagery
may make a more accurate crop classification possible.
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ro\oeVE>r, one must ('llro ;:cknowledp;e the 1imi ts of thP. senror
to differmtiate anoTP, the various croo types. Such similar
crops as oats, hay and JohnSJn p:rass did rot seem to be
distinp;uishable eithP.r from one a10ther or from thE> rasttre WId
idle land catep,ories. This findinp; does not seem lI'lreasonable
since the pasture catel';ory is rrobably a mixttrf> of all these
grasses as ~ll as some others not mentioned. Also, all these
ca teg or ie s look s im11ar \Itlen vi~\oled in in fr a-red photop;ra phy •
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APPENDIX A

~me Notes Ch Registration Points

1. CP.nerally only bands 5 and '7 need 00 used for locating
re~istration points. Eand 7 is particularly useful for water
bodies and land-water interfaces. In band 5 areas of
vegetation, slCh as trees, and interstate highways are
particularly easy to find.

2. Areas \tt1ere large variations may occur dtrinl2; yet or dry
~ather conditions should rot he used. For exanDle, bends in
rivers W1ere the map indicates the sides of the river have
only very gentle rise should not be used. Ho\ever, steep
sides of a river or lake will usually orovide a stable
relationship bet\een land a'ld \oSter and thereby make more
promisin~ registration points.

3. ~en usinlil: the center of a lake or w:)odro arpa be sure tMt
it is relatively small, i.e., no more than 30 oixels in are8.
tbyever, for irregul arly shaped lakes or vegetation areas,
you may use points Wi. thin the centers of an'as jutting out
from its central mass.

4. Choose r:x>ints 3Jch that the ooint may be defined as a sing le
pixel. This simpl ifies location of the correct pixel and
makes it easier to enter the correct LANffiAT coordinates into
the Jrogran.

5. Whenchoosing rea:! intersections in band 5, be 3Jre to
choose only narrow rocrls that fonn a distinct intersection
point. Large rocrl intersections generally are d ifficul t to
determine a precise meeting point.
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Al-'l-£NuIX A

The Affine Transformation

Ralph Bernstein
comrx>nents of error
followinp; :

Platform Effects

(See Reference 9) rotes thP vtlrious
for the MSS as being, dllP. to t~

Alti tlde: ~ale distortions occur alo~ scan and vary with
time. M3Q;nittde of correction - about 1.5 km.

Attitlde: The three main comoonents of attitu:le are pitch,
roll and yaw. Yawand pi tch chan~es affect t~ data spacing
alol11, the fl ight ~th, while roll changes it alofl!; the scm
line. ~~nitudes vary, but pitch is about 12 km, roll 12 km,
and yaw 2.46 krn.

Veloc i ty: O1anges in veloc ity may orod~e 1.5 km of
a1om-track ~cale distortion.

Scene Effects

Earth fOtation: While the MSSmirror canpletes each SCa1,
the rotating earth below it causes alo~-scan distortion of
about 13.3 kTTl.

1nese effects reQuire the indicated ccrrections \J1en
\ole consider the entire 180 km by 180 km im~e. I-b\oever, for
only small areas of the MSSimaQ;e, such effects are rPdocM
and a simnle first oder r:olynomial (or affine trCl'lsfonnation)
can cdequately model these various platform and scene
effects. The equation is of the followinl2; fonn:

LANffiATline = a • latitu:1e + b ' lornitlde + e
LANISATcolLlTln = al• latituje + bl • lo~itlde + el

LDcation of the registration p:>1nts by lati tooe a1d lorn;itooe
allows estimation of the pc:-ra'l1eters of the eouation and
thereby orediction of the location of ~eograrhic coordinates
in terms of the scanner coordinates. Bv t~kinp the inverse
of the equations, map coordinates of the indicated MSS
coordinates of interest may be p-edicted. 1hus, every
geo~raP1ic ooint is cross-rf'ferenc€d with its corresoorxHn~
scanner location.
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APPENDIX C

The DAM-COEfprocedure (as developed by Ed Schlosser,
Lockheed Corp. at the Johnoon Space Center, Texas) orovides
a reas:>nably accurate means of registerinq, LANffiATdata to
m<'lp base witoout reouir ing, that t~ LANffiAT data be
altered--either geometrically or radiometrically. Accuracies
for the location of ~ed icted areas seem to be on the order
of 100 meters \J1en a control point netw:>rk is carefully
chosen. A diagran Y.tlich spatially lists the control points
chosen greatly facilitates the cooicp of J'X)ints to enstre
that the scene is covered bv a ~ll-~attered netw:>rk of
points.

By model inq: the irrep;ul ar ities of the sensor's operation
and its platform's location, Schlosser has madp it fX)ssiblp
to use a fir st order affine tr ansfonnation to rela te the
LANffiATdata to map coordinates. Major components in the
model are a consideration of the sinusoidal mirror velocity
profile (affecting the pixel size across SCa1) , the
satellite's altituje (scale distortions), and its pitch and
roll. Also, to ftrther make the linear model appropririte,
all latitude and lorn; it u::i e values are converted to the
Lniversal Transverse ~rcator (UTM)projection.

A fir ther advantag;e is that DAM-COE1'" requires
aoproximately t~nty points to register a1 entire ~ene to
within about 100 meters accuracy. This represents a
significant time savings over use of higher order polynomialS
lJ1ich require upW3rds of 100 DO ints to enstre suffic ientl V
accurate location for our w::>rk. Its major disadvantage, at
least for row, is its in 0011 ity to rillow for multi temporal
data analysis in the s~e manner which is presently
available, i.e. making the pixels of tw:> or more ~enes
overlay so as to fonn an eiu,ht channel (or more) tape with
each pixel having data for tw:> or more dates available for
it.
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APPENDIX D

The next tw::>pa~es Rive tWJ exanples of clnssi fication
accuracy based on only the trainimz; datn usin~ different
metoods of obtaining the classification statistics. As can
be noted, considerable differences were evident.

Following these pa~es are the results of the final tP.n
cluster grouns used. Accuracies of these groups used in
classification are given for both the training and test data
sets. Also, charts showing the similnr ities a~o\"P, the
different clusters and the overlao between cluster ~roups are
di spl ayed •
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(Four Channel Plots)
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NOTES

1. Plots 1 and 2 are both sorghum plots.
2. Plots 3, 4, 5 and 6 are of cotton.

much similar to those of sorghum.
We note that plot 4 is very

3. Plots 7, 8 and 9 are of pasture, stubble and oats.
similarities with the previous groups are evident.

Again, some

4. Water is represented by plot 10.
the agricultural groups.

This is clearly different from
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Tn!::. f'POGPFlt'1 FEF:FOF.t'1S A LU,EAF: F:EGF:ESSlCJN OF l)AF~IABL£S Y ON X.

f·1fIt'iE OF '(-I.)HF:IFtE:LE = F£F'OF:TEII HCF:E~;+-COTTON

t1RME Of >,;-I.)Ftf:lFtBLE = PIXELS COTTON

IS THE l!f1TR TO i;( Et~TEF~ED BY KE'r'EOARD? (Y OR ti) "(

HOUl...lt •.•..OU LIKE TO :::(E R PLOT Of" Y l)EF~SllS X? (y ~ N) Y

~:5(1.0000 +
I
I
I
1

293.3333 +
I
I
I
I

236.6667 +
I
I
I
I

180. (1000 +
I

F<Ef'O~: I
I
I
I

123. ~;3~:3+
I
1 -I
I

E.€. 6667 + -
I ~
I
I :0:
I lO'

w. (~(1(1e + :0:
-+----+----+----+----+----+----+----+----+----+----+-
1.0000 57.S~00 114.E~(~ 171.4000 228.2000 285.0000

PIXEL

ThE F:EGF:E:=;~,IOt'i EGUATION IS:

F.:EH'F:TErHCF:E~,~COTTO= £1.3535(1E+02+ ( 0.11;::72E+01 :0: PI~<ELSCOTTON

hnAL ') '~:.1:=. OF 1..'AF: I At'lC:E TABLE FeF: I')RF: I AI:LE F.:EFC'F:TED ACRES+-COTTO

::C'UF.:CE C'F I'EGF:EES; OF
I..'P.F: I PoT I [!t·~ FFEEDON

:::tJt1 OF'
::,OUAF:ES

t'iEAN
::,(lIJAF:ES F-1)ALlI£ P-'-JRLUE-------------------------------------------------------------------------------

1':2627.1E2000
:::~17:3. (1~:E.2E.('

233.4K~

-------------------------------------------------------------------------------
\::. -, - O. ':"87389 F:SG!UAF~E = • ';.74938
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•

•

liD '!'(iLi l·n~,H TO TE~T AtlOTHEF H'1"F(tTHE~,IS? \.•.•' OR N) N

DO 'IOU l.JlSH TO Flt'lAL'I'ZE AnOTHER DATA SET? tY OR N) 't.

t'iflt'i£ Of y-UFtF.:IABLE = F:EFOF:TEDACRES~SOF;GiHUM

Nht'E or ~4)RF:IHBLE = PI~£LS~SOF:GHlt1

IS THE IiATA TO I:E EtnEF:[D BY k['y'BOftRD? (Y OR N) Y

l·UUI YOU LH:.:E TO SEE Ft PLOT or Y UERSLtS ><'7-'(Y OR N) Y

1S'6.00£1e +
I
I
I
I

1€-4. E:333 +
I
I
I
I

132.8667 +
I
I
I
I

16(1. 90~}0 +
IREF-OR I
I lIi
I lIi

I
bE:.9~:33 +

I
I lIi
I lIi

I
:;:6.9667 + ~ :'lO;

I

I •I
I

~!. 0(100 + lO;
-+----+----+----+----+----+----+----+----+----+----+-
0.6000 14.6000 29.2000 43.8000 58.400£1 73.00(1(1

PIXEL

ThE FEC,F'E'::::,lOti EG!UATIon I~;:

0.18502E+12'1 • PIXELSo:-::;OF;GHllt·,

AtlFlL 'I'~;;I !:; OF UAF.:I AtiCE TAELE FOP URF;I FtE:LE REPOF.:TEDF1CRESo:-::;OF.:GH

::OUF'CE (iF liEC,F:EE::: OF
UHF:IFlTIC!t, FFEEIiOt·,

~:U'1 or
~:CtUAF:ES

t'1EAN
!;.G!UFlRES F-I,)ALLtE P-I..'ALUE-------------------------------------------------------------------------------

F:EGRE::;S lOti
F:ES, I DUAL

1
9

2'::-5:=;5. :=:72:::(1~Z1
7475.5087:;:0

2956"5. :=:72c:ee
;::3£1. 61 c:083

35.6194 0. 0002

-------------------------------------------------------------------------------
F; = 0.893473 F:SQUftF:E = • ~82'~



HAt'iE or ··•..-I.)API RBLE = F:EF'OF:TED ACF:ES.•...PA:::TLPE

hFit';E c:r i:-I..JAF:I RI,LE = F' L<EL~::.•...F'R::;TUF.'E

I:; TI-£ DATA TO 1::E HiTEF.'ED BY ~;::E',·BORF.:D? ('( OF~ t'O ')'

L,;OULD \"(,IU LIKE TO ::EE A PLOT OF '{ 1•..iEF$US K'? ('(' OR m \'

566. t::.E.67

310. (nj00

F:EPOR

211.6667

113. ~~:333

+
I
I
I
I
+
I
I
I
I
+
I :.:
I
I
I ~
+
I y. lit' :.:
I
I ,.
1 lOE

I :0:

+ ~ ~
I lI1E

I
I
I :.: 311<

+
I :<t.

1 ~
I :<>.

I
15. (;00(1 + :.:

-+----+----+----+----+----+----+----+----+----+----+-
e. 06(1[1 ';'5. :::(1(1[11:::3.E(~(1~j 271.4000 359.2000 447. (:00(1

pn<:EL

lHE F:E(;F:E::SIC~l [C(IATIOt'l I::;::
.• F:EF'I)F:TEI' f:CFE:: .•...PA::;TU = (1. 56174E Hj2 +

A~iALV:::I::: OF I')AF.:IAt'iCE TAILE FOF: I')ARIA~f;lE REPORTED ACF.:E::+PASTU

::·OUF.:CE OF
1".IfI.F: I IiT I cn

lEC.F.EE::' OF
FFEEDOt'l

:::Ut'1 OF
::.(,,-IAF:ES

t'1EAN
SG!URF.:ES F-UALUE P-I)ALUE

-------------------------------------------------------------------------------
F.:EGF:E~':::I otl
F:ESIDUAL

44E.:341•7'42(~00
71446. 50::;:::(1~j

446:341.7420(1(1
:::9E.9. 25(14'~(1

112.4499

-------------------------------------------------------------------------------
---------------'- ---
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